We analysed costs and outcomes of tuberculosis care for patients in a traditional Russian tuberculosis control system, using 3-year retrospective cohort data. Of 1749 cases at 3 years of follow-up, 65% were cured, 11.3% (198/1749) still had 'active' or 'chronic' disease, 10.3% had transferred out of the local civilian health care system and 12.7% had died. The mean cost of managing one case over 3 years was US$886: US$1078 for bacteriologically confirmed (BKþ) cases and US$718 for bacteriologically unconfirmed (BKÀ) cases. Approximately 60% of treatment costs were incurred in the first 12 months and 40% incurred in the remaining 2 years. Around 60% of the total cost was accounted for by hospital inpatient care.
Introduction
The World Health Organization (WHO) DOTS management strategy has become the internationally recommended approach for tuberculosis (TB) control programmes (WHO 1997; Maher and Mikulencak 1999; WHO 2002a,b) . To date, around 150 countries in the world have adopted the DOTS strategy, to varying degrees. Key measures of DOTS success (case detection and treatment success) are included in the Millennium Development Goals framework (Dye et al. 2005 ).
In the former Soviet Union (FSU) where TB is prevalent, only a limited number of WHO DOTS implementation programmes exist. Currently countries of the FSU report the lowest case detection rates (22%), with 9% of cases failing treatment and a death rate of 7% during treatment (Dye et al. 2005) . For example, Russia has the ninth highest TB burden in the world in terms of the estimated incidence and is one of the 22 WHO high-burden countries for tuberculosis (WHO 2004) . After a period of decline starting in the 1960s, the case notification rate fell to 34 per 100 000 population by 1990, but following the collapse of the Soviet Union, notification rates tripled, reaching 97 cases per 100 000 population in 2000 (Shilova et al. 2001; WHO 2004) . In 2003, the incidence of and mortality from TB remained high at 83.2 and 21.8 per 100 000 population (WHO 2004) .
Since 1995, demonstration projects implementing the WHO DOTS have been initiated in Russia with support from international and bilateral agencies -such as WHO, the World Bank and the UK Government's Department for International Development (DFID) -to support TB control. New regulations have been adopted recently to support implementation of standardized international practices in TB treatment (Ministry of Health 2003 . However, by 2003 access to DOTS was limited to 27% of the population of Russia, compared with an average of 61% for the 22 high-burden countries. TB case detection rates under DOTS in Russia remain low, at 6% in 2002 (WHO 2004 .
Historically, Russia developed a comprehensive TB control system of prevention, case finding, diagnosis, treatment, post-treatment prophylaxis and rehabilitation. Case management was based on individualized treatment and the requirement to achieve lung cavity closure, in contrast to the DOTS approach which demands sputum conversion and standardized treatment completion as the cardinal measures of outcome success. The Russian classification for TB cases also differs from that defined by the WHO DOTS strategy as it relies on the presence of radiological abnormalities on chest X-rays detected through the national compulsory annual population screening with or without bacteriological confirmation detected (Drobniewski et al. 2002 ) (Box 1). Under the traditional Russian recording system, microbiological distinction is not made between sputum smear status and sputum culture status; positive results are recorded as 'bacillary-positive' (or BKþ). Conversely, when both sputum and culture results are negative, patients are deemed 'bacillary-negative' (or BKÀ). Both BKþ and BKÀ patients are monitored using changes in chest X-ray appearance and clinical status. Particular features of TB control in the Russian Federation are the requirement to hospitalize newly detected cases, the use of lengthy and repeated hospitalizations of patients, and frequent use of surgery for pulmonary TB (WHO 2002c; Coker et al. 2003; Atun et al. 2005a,b; Floyd et al. 2006) . The doses of the main first-line drugs and duration of chemotherapy vary from internationally accepted standard treatment regimens. The system also includes prolonged periods of follow-up and repetitive courses of anti-relapse therapy (Atun et al. 2005a; Coker et al. 2005) . These contrast with the DOTS strategy which favours minimizing hospital Box 1. Russian and WHO classification systems of adult tuberculosis cases
Russian classification system
Group 0 -Individuals with tuberculosis-like changes in the lungs of 'doubtful activity' who are not registered with the tuberculosis authorities under any other group. These can be defined as tuberculosis suspects, and in a wellfunctioning tuberculosis control system the proportion of this group among new notifications, as well as the rate of cancellation of tuberculosis diagnosis, is small. The diagnosis for this group is finalized within months from registration. Group IA -active tuberculosis cases, including true new cases of tuberculosis as well as relapses. The Russian case classification does not distinguish between new cases and relapses after cure. Group IB -failures of treatment and chronic tuberculosis cases, including both cases that are drug sensitive and cases that are drug resistant. The Russian case classification system does not routinely monitor drug resistance in the tuberculosis register. Group II -cases whose condition is improving after the phase of active tuberculosis (Group IA). Usually, these are cases transferred from Group IA. Group III -clinically cured pulmonary tuberculosis. Group IV -individuals in contact with people who have active tuberculosis or with TB-infected livestock. Group V -all extrapulmonary tuberculosis. Group VII -individuals with residual changes in the lungs after treatment of pulmonary tuberculosis, and with increased risk of re-activation. The new tuberculosis regulations introduced in late 2003 have fewer case management groups, with Group 0 expanded to include patients under investigation for tuberculosis, Group II expanded to include patients formerly included in Groups III and some of those included in Group V, active extrapulmonary cases (formerly in Group V) included in Group I, and Groups VI and VII abolished.
stays (Mawer et al. 2001; Borgdorff et al. 2002; WHO 2003) .
The Russian TB control system consists of a large hierarchically structured network of specialized research institutions, TB dispensaries (comprehensive treatment and monitoring centres), specialty hospitals and inpatient wards in general hospitals, district TB physicians, clinical laboratories and sanatoria, comprising altogether 80 000 specialized TB beds (Ministry of Health 2002) . This TB control system plays a substantial social care role. We have examined the reasons for the extensive use of hospital care elsewhere (Atun et al. 2005a,b,c; Floyd et. al. 2006 ).
Here we report the results of a detailed study examining costs and outcomes of traditional modes of treatment and care of newly diagnosed cases of pulmonary TB recruited to a cohort in 1999 and followed up for 3 years in Samara Oblast (region), Russia. Our study differs from earlier studies (WHO 2002c) in four ways. First, we map the trajectory of care pursued by each BKþ and BKÀ patient in our cohort over a period of 3 years, and analyse each and every intervention and contact with the health system. Secondly, we estimate total costs and outcomes over a period of 3 years for both these patient groups, the time it takes for a TB patient to complete treatment in the Russian System, as opposed to one year -the time horizon adopted by earlier studies. Thirdly, we discount costs, undertaking sensitivity analysis using undiscounted and discounted figures, using two different discount rates. Fourthly, we estimate cost and outcomes for BKÀ and BKþ patients over the 3-year period and compare these -in contrast to studies estimating cost and outcomes of TB control that focus on smear-positive patients (Borgdorff et al. 2002) . Samara Oblast has a population of 3.3 million with socioeconomic indicators close to the Russian average. The trend in notification of new TB cases in the last decade in Samara mirrored that in Russia, tripling in the last decade and reaching, in 2001, a rate of 89.2 per 100 000 population (Coker et al. 2003) . The region, which has a network of specialized outpatient and inpatient TB services, is the site of a collaborative project involving UK and Russian scientists supported by DFID. In 2001, implementation of WHO-approved methods of TB control was initiated. However, all patients in the cohort reported here were clinically managed according to the traditional Russian system of TB control.
Methods
Through a decree issued by the Samara Ministry of Health (SMOH), the research team was given access to two databases covering the period 1999-2002, the Regional Tuberculosis Register and the database of inpatient care episodes collected by the regional branch of the Federal Compulsory Health Insurance Fund. The first database contained information on notifications of TB cases, treatment progression, health outcomes, service utilization and patient transfers. The second database contained hospital discharge summaries for inpatient hospital episodes for TB. These two databases were integrated for analysis by matching individual patient information.
The cohort consisted of new adult (patients aged 16 years and over) pulmonary TB cases notified through 1999. For each of these patients, information on investigations, treatment and health status was collected for 3 years following notification.
Outcomes analysed included transformation of BK status, death from TB and TB-related causes, development of 'chronic' TB (transfers to Russian case management category 1B) and cure (defined here as transfers to 'inactive' Russian case management categories III or VII) (Box 1).
For cost analysis, we adopted a health service perspective. The unit costs of services were estimated using detailed financial data from the SMOH, and also included capital costs for equipment and buildings (estimated using average replacement costs). We triangulated these costs with the cost data available from the local Health Insurance Fund (HIF), discussed these with the economists and TB specialists working at the SMOH and the HIF to ensure accuracy, checked cost data from other related studies, and compared our cost data with those submitted by different Russian regions to the WHO Office in Russia. In our analysis we included 69% of the cases that had complete cost and outcome data and excluded from the study those that did not (see results section).
The cost of treatment was estimated for each case in the cohort on a monthly basis. We estimated cumulative mean treatment costs for the cohort and for selected subgroups over 12, 24 and 36 months after notification. We discounted costs by 3.5% and 5%, the rates used in other health systems (as there is no official discount rate used in the Russian Health System).
We used the Kaplan-Meier method (Kaplan and Meier 1958) to adjust for data censoring due to cases that dropped out of the cohort. This enabled us to take account of the changing denominator over the 3-year period. Cost data were adjusted for censoring using a nonparametric method by Lin (type 1) (Lin 2000; Raikou and McGuire 2004) .
The study was approved by the Samara Regional Ethics Committee.
Results

Characteristics of the cohort
The number of new notifications of adult TB in 1999 was 2682 cases (Table 1) . Of these, 2520 (94%) were Costs and outcomes of tuberculosis control in Russiapulmonary TB cases. Approximately 43% (1074) of newly notified adult pulmonary cases were BKþ. Eighty per cent (2018/2520) of adult pulmonary TB cases notified in 1999 were men, with a mean age of 42 years.
Utilization and outcome data over 3 years were available for 69% (1749/2520) of the new adult pulmonary TB cases notified in 1999. These 1749 cases constitute our cohort. In terms of demographic features and clinical characteristics at notification, the cohort cases were similar to all adult pulmonary cases notified in 1999.
Follow-up
Outcomes including transfers out of the regional TB control system, removal from the register and death are shown for both BKþ and BKÀ groups in Figure 1 . Over the 3 years of follow-up, approximately 8% (62/777) of BKþ cases were transferred out of the system (mainly due to migration) and 18.2% (95% CI, 15.6 to 21.2%) (135/777) died from TB or TB-related causes. The transfer out from the regional TB control system in the BKÀ cases was 12.1% (118/972), and death from TB and TB-related causes was 8.9% (95% CI, 8.2 to 12.3%) (87/972).
Clinical outcomes
The clinical progression of the cohort is shown in Figure 2 . Estimated rates of outcomes adjusted for loss to follow-up are shown in Table 2 .
The median time under treatment (Groups I and II) was 29 months for BKþ cases and 27 months for BKÀ cases (Figure 2 ).
Bacteriological response (from BKþ to BKÀ) occurred within the first 3 months of commencing treatment for 401 of the 777 BKþ cases, that is, 52% (95% CI, 46.9 to 56.8%) after adjusting for loss to follow-up. At 6 months the response rate was 67% (95% CI, 63 to 72%), and at 12 months was 78% (95% CI, 74 to 81%). Bacteriological response after 12 months was slow. Approaching 0.2% (18/972) of BKÀ cases became BKþ over 3 years of follow-up.
In the 3-year follow-up period, the death rate in the BKÀ cases was 10.4% (95% CI, 8.2 to 12.3%), compared with 18.2% (95% CI, 15.6 to 21.2%) in BKþ cases. Most patients with pulmonary tuberculosis (79% of BKÀ cases and 82% of BKþ cases) remained classified as having active tuberculosis (Category 1) during the first 12 months following notification (Figure 2 ). These gradually transferred to an intermediary casemanagement category (Category II) and at 24 months transferred from Category II to 'clinically-cured' categories (III and VII). At 24 months, the proportion of those classified as clinically-cured was 11.3% (95% CI, 9.2 to 13.9%), thereafter increasing steadily to 42% (95% CI, 38 to 45%) at 36 months. Around 10% (95% CI, 7.8 to 12.5%) of the BKþ cases became 'chronic' cases.
Clinical cure for BKÀ patients was determined by chest X-ray (cavity closure) and clinical assessment. At 24 months after notification, the proportion of this group classified as clinically cured was 26.5% (95% CI, 23.8 to 29.4%), increasing at 36 months to 59.7% (95% CI, 56.8 to 62.6%). The proportion of BKÀ cases which remained alive at the end of 36 months and classified as chronic was 0.9% (95% CI, 0.4 to 1.8%), significantly lower than that of the BKþ cases at 8.7% (95% CI, 6.8 to 11.1%).
Health care costs
The estimated unit costs of health services for TB patients are shown in Tables inpatient-day, including examinations and medication, was estimated at US$4, in line with other studies that have costed inpatient care for TB services in Russia (WHO 2002c) . The cost of daily inpatient care in a surgical TB ward was estimated at US$9. The average cost per outpatient attendance and community visit was US$3.39 and US$4.6, respectively. The cost of an outpatient-based course of chemotherapy was about US$50, spread over several months.
The mean cumulative cost of treating a TB case over 3 years was estimated at US$886 (95% CI, US$853-919).
Inpatient care accounted for 66% and outpatient treatment (including visits and chemotherapy) 27% of total estimated costs. A further 7% was accounted for by laboratory tests for outpatients. The cost of surgical inpatient treatment was around 13-15% of the total cost over 3 years (Table 3) .
At 3 years, the mean cumulative cost of treating a BKþ case was US$1078 (95% CI, IUS$1125-1132) and US$718 (95% CI, US$680-754) for a BKÀ case. For BKþ cases, the cost of inpatient care accounted for 70% of the total cost of treatment over 3 years and 62% for the The definition of chronic case is based on the Russian methodology (persistent smear-positive status or persistent chest X-ray abnormalities).
2
Not available after 12 months for smear-positive and after 24 months for smear-negative due to the low conversion rate and the removal of smear-negative cases out of cohort.
3
Cumulative proportion of initial cohort estimated to adjust for data censoring by the Kaplan-Meier method. For the BKþ cases, cumulative costs, incurred over the first 9 and 12 months following notification, comprised 51% (95% CI, 48.1 to 53.3%) and 60% (95% CI, 56.6 to 62.5%), respectively, of the total cumulative cost. For the BKÀ cases, these costs, at 9 and 12 months, were 51% (95% CI, 47.7 to 53.9%) and 59% (95% CI, 55.6 to 62.3%) of the total, respectively (Figure 4 ).
Discussion
Our study is the first to show in detail the costs and outcome dynamics of TB control in Russia. By reconstructing service and cost profiles for each patient in the cohort over a 3-year period, we show how outcomes and costs are spread over time. A substantial share of the overall cost (40%) is incurred after 12 months of treatment. Similarly, a substantial proportion of health outcomes (bacteriological response, cure, development of chronic disease and deaths) occur in the second and third year of treatment, because, to declare a patient as 'cured', the Russian guidelines require confirmation of both sputum conversion and closure of lung cavities on X-ray. Relatively low rates of smear conversion and the high proportion of chronic cases are of public health concern.
This study highlights the differences in clinical management, outcomes and costs for BKþ and BKÀ patients.
In terms of outcomes, we show three differences. First, although most BKþ cases became BKÀ within Inpatient costs include all treatment and diagnostic services and drug costs. the first few months of treatment, conversion rates were still low compared with WHO targets (WHO 2004) . Secondly, the rates of chronic disease and mortality were higher in BKþ cases than in BKÀ cases. As drug resistance is not routinely monitored and reported in Russia, we could not quantify the prevalence in our cohort. However, as part of our multi-methods study in Russia, which helped implement the WHO DOTS programme in Samara and analysed contextual and health system factors influencing adoption of the WHO DOTS strategy (Drobniewski et al. 2002; Coker et al. 2003; Atun et al. 2004; Atun et al. 2005a-e; Balabanova et al. 2005; Coker et al. 2006) , we undertook analysis of drug resistance levels in TB patients. This analysis indicates the multidrug-resistant TB rates in patients recruited for DOTS treatment to be at least 4.6% in smear-positive and 1.9% in smear-negative patients, providing insights into possible reasons for this difference (Balabanova et al. 2006 ). Thirdly, hospitalization rates differ between groups with around 88% of BKþ cases being hospitalized compared with 60% of the BKÀ cases.
In terms of costs, we show that the cost of treating BKþ cases was 50% higher than treating BKÀ cases, the result of higher hospitalization rates for BKþ This includes only tests performed when the patient is on outpatient treatment. Economic evaluations of TB control have typically focused on bacteriologically confirmed, or smearpositive, cases alone (Borgdorff et al. 2002) , as early detection and effective treatment offer important public health benefits. However, in the Russian context, we show that bacteriologically unconfirmed cases account for a considerable proportion of the reported cases (43% of notifications) and almost half of the expenditure on TB (46% of total), and may, therefore, be important cases to include in health system and economic analyses.
Our findings suggest that long-term follow-up patterns of costs and outcomes are likely to be important for studies which compare traditional TB control with internationally approved methods. They should have a 3-to 4-year horizon rather than the more usual 1-year period used to analyse cost in internationally approved methods. Understanding the time dimension of care is essential for cost-effectiveness comparisons of Russian TB control with alternative strategies and evaluating the cost-effectiveness of a transition from traditional to new methods.
Our study was limited in a number of ways. First, we limit our analysis of costs and outcomes to 3 years. Some TB patients incur costs beyond 3 years (Atun et al. 2005a-c) . Our calculations do not take into account this additional cost. Secondly, we do not include in care costs the cost of chest-X-ray case finding, which is a national screening programme managed by the Russian Federal authorities and for which we were not able to obtain data. Hence the true costs of TB are likely to be higher than the figure we have estimated. Thirdly, as in any economic evaluations, caution must be exercised with the accuracy of costs. To mitigate this we triangulated our cost data with other sources and sought the opinion of local economists and health professionals. To enhance the accuracy of our study, we included in our analysis the 69% of cases in the cohort which had complete cost and outcome data and excluded from the study those which did not. This may introduce bias to the study as those with incomplete data may be those who have left the system or have interrupted treatment, and those who are classified as being chronic cases and hence stay longer in the system with a higher chance of having incomplete data. Collectively, these biases may lead to a higher cost of management as these cases are more difficult and costly to manage. Fourthly, our study was in one region. However, studies of TB control in Russia have identified consistency in case management, costs and average length of hospital admission across regions, as well as in the important social support function of Russia's TB hospitals, and identified Samara as a 'typical' region (Coker et al. 2003; Atun et al. 2005b; Floyd et al. 2006 ). This consistency suggests that our results are likely to hold in the rest of the country's 88 regions.
Conclusions and policy implications
Our findings have policy implications for Russia and other post-Soviet countries where TB control systems similar to that in Russia exist -characterized by lengthy case management and frequent hospitalization, driven by regulations on clinical case management, financing and organizational arrangements.
Russia has not been able to achieve the WHO targets for TB control. Despite significant investments, from local and international sources, Russia has one of the lowest coverage levels for DOTS amongst the 22 highburden countries (Kherosheva et al. 2003; Elzinga et al. 2004 ) and a disproportionately high cost of managing TB cases.
The rationale for implementing the DOTS strategy in Russia, as in other post-Soviet countries, is to establish cost-effective TB control by reducing unnecessary care costs due to lengthy hospitalizations, while improving cure rates and reducing the development of drug resistant TB. The WHO DOTS strategy, employing a standardized treatment for 6 months, produces the highest cure rates for drug-sensitive TB, while the Russian TB service, which traditionally employed individualized treatment, has poorer outcomes as compared with DOTS treatment. Evidence from other countries does suggest that outpatient care for TB patients is feasible and of lower cost than inpatient care (Floyd et al. 1997 Nganda et al. 2003; Okello et al. 2003) . Hence, successful implementation of the DOTS strategy may help to improve the efficiency and effectiveness of TB care in Russia.
In Russia and other post-Soviet countries, TB hospitals shoulder the costs of extensive periods of clinical care and the substantial burden of important and necessary nonclinical social support for vulnerable populations (Atun et al. 2005a,b) . In these systems, improving the efficiency with which existing resources are used will require reform of health system norms and regulations related to planning, financing and clinical care, and improving linkages between health and social sectors (Atun et al. 2005a; Floyd et al. 2006) Changes in guidelines, incentive structures and financing rules in health services are needed to enable implementation and sustainable development of costeffective community-based TB services, whilst retaining an appropriate hospital infrastructure to provide for those cases which need to be hospitalized. Hence, in Russia, national and international agencies supporting TB control need to focus on mediumto long-term improvements in the health system, not just short-term changes to methods for clinical management of TB.
